Patients and methods

PATIENTS
We studied 12 consecutive patients (three women and nine men aged 21-49 (mean age 33)). All had received traumatic spinal injuries that had resulted in complete supraconal cord lesions (10 thoracic, two cervical). Sacral anterior root stimulators were not implanted in patients until at least two years after their injuries occurred to allow for any neurological recovery. The time since implantation ranged from three months to six years (mean time 26 3 months), and all patients included in the study were using the stimulator effectively to empty the bladder.
After surgery for implantation we assessed evidence of damage to the anterior nerve root. Ten patients had normal function in all three pairs of roots, but the left side of the S4 root in one patient and the S2 root bilaterally in another failed to produce normal responses of the pelvic floor and leg muscles. All but three patients had had deafferentation of the sacral posterior nerve roots (S2 to S4) at the time of implantation to produce detrusor areflexia and hence urinary continence.
QUESTIONNAIRE
Immediately before implantation and then after the stimulator had been programmed for defecation we asked patients to complete a questionnaire detailing every aspect of their bowel habit. Particular emphasis was placed on the method they used to achieve a bowel action, the frequency of defecation, and the time taken to complete each evacuation by whatever method was appropriate.
SACRAL ANTERIOR ROOT STIMULATORS
All the patients had had a Brindley-Finetech sacral anterior root stimulator implanted as previously described,8 although the method varied in the first three patients as their posterior nerve roots were not divided. The implants were positioned intradurally and connected to a receiver unit placed subcutaneously on the lower chest wall by multiconductor cables coated with silicone.9 To apply stimulation the patient held a transmitter immediately over the implanted receiver and switched on a small hand held unit. The receiver contained simple passive circuits that were activated by pulse modulated radiofrequency waves generated by the transmitter block.'°"' The pulse frequency, amplitude, and width were all adjustable and a single pair of roots or any combination of the three pairs (S2, S3, or S4) could be stimulated.
SETTING PARAMETERS FOR STIMULATION
We studied all patients at least three months postoperatively to allow maximum recovery ofany damaged anterior nerve roots. We observed the response to stimulation of the sacral roots by measuring anorectal and low colonic pressures at approximately 0 5, 1, 2, 8, 15, and 18 cm from the anal verge.'2 No formal bowel preparation was given, although the patients were instructed to defecate in their normal way on the morning of the study.
The principle behind using the stimulator to produce micturition is that the smooth muscle of the detrusor relaxes more slowly than the striated muscle of the urethral sphincter after stimulation is stopped, and for a short period of time, therefore, a gradient of pressure exists and micturition can occur.2 If the stimulus is turned on and off in a regular pattern, the gradient occurs intermittently, and the patient micturates in bursts. We used the same principle to 'obtain the maximum possible rectal and low colonic pressures during anal relaxation, thus producing an intermittent gradient of pressure from the rectum to the anal canal, allowing defecation to occur.
We determined the optimum stimulus parameters with an in house computerised system, which exactly reproduced the electrical output of the BrindleyFinetech stimulator. This allowed us to vary the stimulation parameters of each nerve root rapidly and accurately and select individual roots or combinations of roots.
For each patient we followed a standard protocol. Each individual pair of nerve roots was stimulated in turn (S2, S3, then S4), and the effect on the lower colonic and anorectal pressure observed. Combinations of the three nerve roots were then stimulated, using S3 and S4 first, followed by S2, S3, and S4 together. The initial strength of stimulus was the same as that used for electromicturition but with an intermittent pulse of 10 seconds on and 20 seconds off.8 The strength of stimulation could be varied by changing the pulse frequency (range 10-20 ms), the pulse amplitude (range approximately 10-40V), or the pulse width (range 100-600 is). The Thus by a process of trial and error we selected for each patient the most effective nerve root or roots and the optimum strength and intermittency of stimulus to achieve increased colonic activity with the maximum rectoanal pressure gradient. We then tested these parameters using a simulated stool made from porridge paste (100 ml warm water, 30 g oats) which has a similar consistency to normal faeces. The porridge paste was injected into the rectum with a bladder syringe and the effect of stimulation on evacuation observed. The parameters could still be adjusted at this stage to optimise defecation.
Once we were satisfied with the stimulator settings the patient was discharged with instructions to use the implant while sitting on the toilet and, if full defecation did not occur within 10 minutes, to perform manual evacuation of the remaining rectal contents. We suggested that each patient see how the stimulator affected his or her bowel habit and then adopt whatever method of defecation was appropriate.
Results
MANOMETRIC DATA AND STIMULATION PARAMETERS
Stimulation of individual nerve roots produced a wide range of manometric responses. In general, however, stimulating the S2 root produced low pressure colorectal activity whereas stimulating S3, and to a lesser extent S4, produced colorectal contraction. Stimulating S4 gave the maximum pressure response in the anal canal, almost certainly because of its action on the external anal sphincter.
Rectosigmoid contraction and associated anal relaxation were best achieved by simultaneously stimulating all three pairs of anterior roots in nine patients (fig 1) , by stimulating S3 alone in one patient, and by stimulating S3 and S4 together in another patient. In one patient stimulating S3 resulted in low colonic activity in excess of 5 9kPa but no rectal activity and stimulating S4 produced a good rectal contraction with anal relaxation (fig 2) . This patient achieved full evacuation of faeces by stimulating S3 followed by S4 but not by stimulating either root alone.
Varying the strength of stimulation had a graded effect on the rectal smooth muscle similar to that seen with the detrusor4: rectal pressure increased progressively as the stimulus was increased. The strength of stimulus required to produce the optimum manometric response varied considerably among the patients within the range of pressures that were not damaging to the detrusor. The maximum pulse amplitude and frequency (40 V, 20 ms) were used by six patients, and in all but one the optimum pulse width was 200 [ts.
Continuous stimulation increased rectal pressure but did not produce evacuation owing to fatigue of the rectal smooth muscle and prolonged activity of the striated muscle of the anal sphincter. Thus all patients used intermittent stimulation. The "on" time varied BMJ VOLUME 300 9 JUNE 1990 from 4 5 to 15 s (mean 9 s) and was determined by the rate of increase in rectal pressure during stimulation. The rectal smooth muscle differed from the detrusor muscle in that it was slower to respond to stimulation, taking up to 4 5 s to begin to contract. After the stimulus was stopped the rectum continued to contract for a short period, during which time the pressure in the anal canal fell. The duration of the "off' time (6-30 s, mean 14-45) depended on when the rectal pressure returned to or approached its basal value. When setting the implant to produce optimum emptying of the bladder it is necessary to wait about three minutes between each burst of impulses to allow full recovery of the smooth muscle of the detrusor.' The rectal muscle also fatigued but took five minutes or more to recover enough to produce an indentical response with the same nerve roots and strengths of stimulus.
PORRIDGE STOOL TEST
Nine patients evacuated the porridge paste stool either partially (one patient) or completely (eight patients); six of them were subsequently able to defecate using the stimulator alone.
Some patients required further adjustments to the stimulator after the initial porridge stool test, and two more patients achieved evacuation of the simulated stool after this. None patients defecated daily (mean frequency 8-3 times/ week). In all patients except one the time taken to defecate was shortened by using the stimulator. Even taking into account the increased frequency, the mean time spent defecating each week was significantly less after implantation than before (28-9 min/week v 150-5 min/week; p<0005). Those patients not able to defecate using the stimulator alone had to perform manual evacuation: because deafferentation abolished reflex defecation, preventing the use of suppositories, laxatives, or anal digitation.
CONSTIPATION
Eleven of the 12 patients reported at least one episode of constipation requiring prolonged use of oral laxatives, bowel enemas, or hospital admission in the two years before implantation. We had no reports of constipation in any patient in this study after the stimulator was implanted.
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